The quantitative expression of E-cadherin, thrombomodulin, CD44H and CD44v6 in 32 specimens of primary tumours of pharynx/larynx squamous cell carcinoma and their lymph node metastases was studied by immunohistochemistry. With the aim of obtaining comparative and objective data, image acquisition conditions were kept unaltered for all the measurements and the immunostaining intensity was quantified by applying an image processing system. On the one hand, correlations were only observed between CD44H and CD44v6, both in primary tumours and metastases, and between E-cadherin and TM in metastases. On the other hand, statistical analyses of paired data did not show significant differences in the expression of these markers between the two tumour sites. In agreement with previous reports, E-cadherin * Correspondence to: Andrés Sampedro, Servicio de Proceso de Imágenes y Citometría, Universidad de Oviedo, Hospital Central de Asturias, Bloque Polivalente A, planta 1 a , c/ Julián Clavería s/n, 33006 Oviedo, Spain. Tel.: +34 98 510 36 60; Fax: +34 98 510 36 58; E-mail: andres@spi.uniovi.es. expression was rather low or negative in primary tumours and metastases of the three poorly differentiated specimens we studied, as well as that of TM, but otherwise some of these samples showed intermediate immunostaining levels of CD44H/CD44v6. It may be concluded from the present study that the quantitative expression of these adhesion molecules in well established lymph node metastases of pharynx/larynx squamous cell carcinoma is essentially unaltered in relation to their primary sites.
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Introduction
Tumour invasion and metastasis comprise a cascade of events, among which cell-cell and cell-matrix interactions play a crucial role [1] . The expression of several cell-cell and cell-matrix adhesion molecules has been associated with the invasive and metastatic potential of squamous cell carcinoma (SCC).
E-cadherin mediates homophylic interactions between epithelial cells and is necessary for the maintenance of the epithelial architecture [4] . Thrombomodulin (TM) has been shown to be expressed in the squamous epithelium and squamous malignancies of different body locations, mainly at the intercellular bridges [12, 14, 27] . CD44 isoforms, comprising several exon variants expressed according to a limited number of combinations, mediate cell-cell and cell-matrix attachment in different tissues. The v6 splice variant has been putatively involved in the vascular dissemination and homing of tumoural cells [8, 21, 29] .
Prognosis and treatment of patients with head and neck squamous cell carcinoma (HNSCC) are dependent on the status of regional lymph nodes [10, 22] . Therefore, the accurate characterization of the metastatic phenotype of this tumour is of great importance. There have been rather conflicting reports regarding the correlation between E-cadherin and CD44v6 (v6 splice variant-containing isoforms of CD44) expression and lymph node involvement in HNSCC [2, 3, 9, 11, 13, 15, 18, 19, [23] [24] [25] . TM downexpression has also been associated with metastasis of esophageal and oral carcinoma cells [26, 28] .
All these results refer to immunohistochemical analyses in which immunostaining intensity and/or percentages of positive cells were subjectively evaluated and so this methodology leads to rather inaccurate scorings. We have therefore quantified the immunohistochemical expression of E-cadherin, TM, CD44H (standard isoform of CD44) and CD44v6 in 32 cases of SCC of pharynx/larynx, applying an image processing system. Comparative measurements between primary tumours and their corresponding lymph node metastases were made. The phenotype of these metastases in relation to the four adhesion molecules has been characterized.
Materials and methods

Tissue specimens
Surgical samples were obtained from 32 male patients with primary SCC of pharynx/larynx, who presented lymph node metastases at the moment of surgical intervention in the Hospital Valle del Nalón. Samples of normal pharynx/larynx epithelium, adjacent to tumour sites, and primary tumour and lymph node metastases were collected between 1992 and 1996, taken from surgical resection specimens. Table 1 shows the characteristics of these samples, with reference to patient age, tumour site, type of surgery, histological differentiation grade, lymph node involvement and exitus. Most of the samples (78%) corresponded to moderately differentiated tumours. Tissue specimens were fixed in formalin and embedded in paraffin.
Antibodies
Primary antibodies were: anti-E-cadherin (clone 36; Transduction Laboratories, Lexington, KY, USA), anti-TM (clone 1009; Dako A/S, Glostrup, Denmark), anti-CD44H (clone 2C5; R&D Systems, Oxon, UK) and anti-CD44v6 (clone 2F10; R&D Systems).
Immunostaining procedures
The paraffin blocks were cut into 3-µm thick tissue sections and deparaffined with xylene. They were then heated for 3 min in a pressure cooker or for 7 min in a microwave oven for E-cadherin and CD44 epitope retrieval, respectively; this pretreatment was not used for TM immunostaining. After endogenous peroxidase inactivation and blocking with nonfat dry milk, tissue sections were incubated with the primary antibodies, according to the following scheme: anti E-cadherin, at 1 : 100 overnight; anti-TM at 1 : 10 for 1 hour; and anti-CD44H and anti-CD44v6, at 1 : 1000 for 1 hour. The ABC-Alkaline Phosphatase Method (Vector Laboratories, Burlingame, CA, USA) was then applied to the anti-E-cadherin antibody; and the ABCPeroxidase Method (Vector Laboratories) to the anti-TM, anti-CD44H and anti-CD44v6 antibodies. Fast Red and 3,3-diaminobenzidine were used as chromogenic substrates for alkaline phosphatase and peroxidase, respectively. Finally, the sections were rinsed with tap water, counterstained with hematoxylin, and mounted.
Immunohistochemical quantitation
Images were recorded with the aid of a JVC color video camera, TK 870E model (JVC España, S.A., Barcelona, Spain), through a DPLAN 20× 0.40 NA objective lens attached to an Olympus BHSP microscope (Olympus Optical Co., Tokyo, Japan); no specific filters were set at this step.
The intensity of the immunostaining was quantified by image processing with the MIP program (Microm España, S.A., Barcelona, Spain) by means of the IMCO 10 image analyzer (Kontron Elektronik GmbH, Eching, Germany). To avoid affecting the immunostaining intensity by external causes, image acquisition conditions were kept unaltered for all the measurements. A relative immunostaining scale was set for each marker, after discrimination of stained and nonstained pixels based on the estimated red, green and blue band ranges (between 0 and 255). Five different areas were then randomly selected from each tissue section and interactively delimited with the cursor of the image processing system, assessing that only tumour tissue was enclosed. The size of each area was approximately 0.07 mm 2 . Five immunostaining intensity measurements were generated from each section and marker; the mean of these data was then considered as the average immunostaining intensity and this was a variable taken into account for statistical analyses. Coefficients of variation were calculated from these means and the standard deviations computed from each sample. When the immunostaining patterns were rather heterogeneous, as in the case of E-cadherin and TM, the percentage of immunostained cells was also determined as the relation between the numbers of stained and total pixels. In these two cases, a parameter defined as the mean of multiplying the immunostaining intensity by the percentage of stained cells within the five areas under evaluation was considered.
On the other hand, the distribution of intensities measured for each marker was divided into three intervals according to percentiles 33.3 and 66.6, and these were considered as low, intermediate and high immunostaining levels.
Statistical analyses were carried out using the SPSS 6.1.3 program. Relationships between pairs of markers were studied by using Spearman correlation coefficients. The means of paired data were compared by the Student's t-test.
Results
Immunohistochemical features
Antibody reactivity patterns on the normal pharynx/ larynx epithelium were the same as those previously described for squamous epithelium [5, 13, 14] . The former observed immunostaining intensities were taken as a reference and were always higher than those measured in primary tumours and metastases for any of the four molecules.
The immunostaining of E-cadherin was heterogeneous within the nests of the primary tumours. In well differentiated tumours, the staining was low in the less differentiated outer cells, and high in the more mature central layers. In the three poorly differentiated tumours analyzed, E-cadherin immunostaining was hardly visible.
In contrast to the aforementioned pattern of E-cadherin, CD44H and CD44v6 immunostaining was high and homogeneous in most of the outer cell layers of the tumoural nests, being lower or null in the central corneal pearls. The staining of these isoforms in the poorly differentiated samples fluctuated between low and intermediate levels.
The immunostaining characteristics of TM were intermediate between those previously described for E-cadherin and CD44. This immunostaining was heterogeneous among different tumoural nests and even within areas of the same nest. Central corneal pearls were either slightly negative or slightly positive. The most peripheral layer of tumoural nests was almost negative, reproducing the immunostaining pattern of the normal squamous epithelium whose basal layer is Table 2 Immunostaining coefficients of variation (%) essentially TM negative. The three poorly differentiated samples were hardly immunostained with the anti-TM antibody. The patterns in lymph node metastases of the four molecules were similar to those observed in the corresponding primary tumours.
Statistical analyses
As shown in Table 2 , the coefficients of variation were rather high for E-cadherin and TM, reflecting the aforementioned immunostaining heterogeneity. Figure 1 shows the distribution into immunostaining levels of the four markers in the 64 samples analyzed. The percentages of cases which showed decreased, no change or increased immunostaining of lymph node metastases were: 31, 50 and 19% for E-cadherin; 25, 63 and 12% for TM; 9, 63 and 28% for CD44H; and 22, 53 and 25% for CD44v6, respectively.
When subjected to Spearman's tests, correlations in the expression of these molecules were found only between CD44H and CD44v6, in both primary tumours and metastases (r = 0.65, p = 0.000; r = 0.54, p = 0.003, respectively), and between E-cadherin and TM in metastases (r = 0.59, p = 0.003). By way of illustration, Fig. 2 reproduces the immunostaining patterns observed in case no. 6. Figure 3 shows the relative immunostaining intensity developed by the four antibodies in primary tumours and in their lymph node metastases. When the means of paired data were subjected to Student's t-tests, no significant differences were found in any of the four cases. In the case of E-cadherin and TM, if just the mean immunostaining intensities were considered (see Materials and methods), then p values were 0.245 and 0.342, respectively. This fact also reinforces the lack of significant quantitative differences in the immunostaining of these two molecules between the primary tumours and their lymph node metastases. 
Discussion
The relationships between the cell adhesion phenotype of primary and metastatic tumour cells in HNSCC have not been analyzed in detail.
Schipper et al. [19] observed a decreased expression of E-cadherin in five out of eight lymph node metastases of HNSCC when compared with their corresponding primary tumours; no differences were found in the other three cases studied. Similar results have been recently reported [2] after analyzing a series of 14 cases. However, other studies [3, 13, 23] , also performed on a rather limited series of specimens, did not find significant differences in E-cadherin expression between primary tumours and lymph node metastases.
Tezuka et al. [28] reported, for the first time, an inverse correlation of TM expression with lymph node metastasis in esophageal SCC. In 59 patients who had lymph node metastases, TM expression was decreased in 69% of the metastatic lesions, whereas the rest showed no apparent change. Nevertheless, a more recent study [26] reported a variable expression of TM in 36 lymph node metastases of oral SCC, those with no change in comparison with the primary tumour being predominant (53%).
Since it was reported that a CD44 isoform containing the v6 variant conferred metastatic potential to rat carcinoma cells [6] , a wealth of studies has been addressed to the analysis of this possibility regarding different human tumours; observational data have been controversial [8] . With reference to HNSCC, the reported results have also been rather disparate. Whereas Salmi et al. [18] observed a downexpression of CD44v6 in lymph node metastases, later studies [9, 11, 15, 24] have led to the conclusion that the expression of isoforms containing this splice variant is essentially unaltered or not correlated with the metastatic phenotype.
All the aforementioned immunostaining observations have been the result of subjective scorings. We would also like to stress that most of the heretofore reported studies, with the exception of those carried out by Spafford et al. [25] and Andrews et al. [2] , have focused on the expression of single adhesion molecules. For the present report, by keeping unaltered image acquisition conditions and by applying an image processing system, we have made comparative and objective measurements in the expression of E-cadherin, TM, CD44H and CD44v6 between the primary tumours and the corresponding lymph node metastases in a series of 32 patients with SCC of pharynx/larynx. We detected high standard deviations and consequently high coefficients of variation for E-cadherin and TM immunostaining, which are mostly attributable to the inherent heterogeneity on the expression of these markers, both within and among samples; in contrast, CD44H and CD44v6 immunostaining was rather homogeneous. After statistical analysis, we have not found significant quantitative differences in the expression of any of these markers between the two tumour presentations. Thus, on the one hand and in accordance with previous reports [3, 9, 11, 13, 15, 23, 24] , it may be concluded from this study that the phenotype of established lymph node metastases in SCC of pharynx/larynx is not associated with quantitative changes in the expression of E-cadherin and CD44v6 in relation to the primary site.
On the other hand and to our knowledge, our work represents the first assessment of the expression of TM in lymph node metastasis of SCC of pharynx/larynx.
Our observations are at variance with those of Tezuka et al. [28] regarding lymph node metastases of SCC of the esophagus and are more in accordance with those of Tabata et al. [26] concerning SCC of the oral cavity, as we also found a majority (63%) of metastases in which TM expression was similar to that measured in the corresponding primary tumour. Therefore, based on our observations, the metastatic phenotype of SCC of pharynx/larynx does not seem to be correlated with variations on the expression of TM either.
Conversely, while the positive expression of several other factors has been associated with the development of cancer metastases (for a comprehensive review, see [7] ), the present study shows that this is not the case for E-cadherin, TM, CD44H or CD44v6 in HNSCC.
Along with their metastatic potential, the expression of these adhesion molecules has also been associated with the differentiation of epithelial cells [2, [12] [13] [14] [15] 19, 21, 23, 24, 26] . In our series, regarding well and moderately differentiated tumours, the observed immunostaining intensities of the four markers could be ascribed to any of the three levels we have distinguished.
In agreement with previous reports [2, 3, 19, 20, 23] , E-cadherin expression was rather low or negative in the three poorly differentiated specimens we analyzed, as well as that of TM, but otherwise we measured intermediate expression levels of CD44H/CD44v6 in some of these samples. Altogether, we have not found significant correlations among the expression of the four markers, except in the case of CD44H and CD44v6, as expected [5, 8, 21, 29] , and between E-cadherin and TM in metastases.
Some of the previously reported observations and the ones described here seem to play down the role of the involved adhesion molecules in HNSCC lymph node metastasis. Nevertheless, we should be cautious as to the significance of these findings. On the one hand, all these studies have dealt with the starting (primary tumour) and the final stage (established metastases) of tumour progression but they have not considered the phenotype of tumour emboli on their way to the metastatic site. As has been argued for E-cadherin [13] , the downexpression of surface adhesion molecules could facilitate the detachment of epithelial cells from the primary tumour mass; later on, after this transient phenotype associated with the migrant metastatic status, their normal expression could be regained and even upgraded during metastasis settlement and progression. In this context, it has been shown [17] that the microenvironment of different organs can profoundly influence the pattern of gene expression and consequently the phenotype of metastatic tumour cells. The particular microenvironment of the metastatized lymph node could explain the hereby observed correlated expression of E-cadherin and TM in this setting. On the other hand, the E-cadherin-catenin cell adhesion complex can be non-functional [2, 4, 16] and, therefore, our quantitative E-cadherin immunoreactivity observations do not exclude the possibility of relevant qualitative differences in the function of this complex between the primary tumours and their lymph node metastases. All these considerations warrant further detailed analysis.
